
Navy Personnel Research and Development Center
Son Diego, CA 0216S-dSiO0 TN 88-44 June 1988

OT JLE GUOPI'm-m

4 Utility of Psychomotor Tests for Prediction
4 of Navy Enlisted Performance

Approved for public release, distribution is unlimited

DTIC
ELECTE
JUN 2 719I

H

II



DEPARTMENT OF THE NAVY
NAVY PERSONNEL RESEARCH AND DEVELOPMENT CENTER

SAN DIEGO. CALIFORNIA 92152-6800

3900
Ser 62/506
15 JUN 1988

From: Commanding Officer, Navy Personnel Research and Development Center

Subj: UTILITY OF PSYCHOMOTOR TESTS FOR PREDICTION OF NAVY ENLISTED
PERFORMANCE

Enc: (I) NPRDC TN 88-44

1. This report was prepared by Personnel Decisions Research Institute under Delivery
Order /7303, Contract /N6601-87-D-0085 issued by the Navy Personnel Research and
Development Center. It was funded by the Office of the Assistant Secretary of Defense
(Force Management and Personnel) to accelerate the development of new measures of
ability that could be used to supplement the current Armed Services Vocational Aptitude
Battery (ASVAB).

2. One class of tests that might be considered for development are ones that measure
psychomotor abilities. Tests of psychomotor ability have proved useful in pilot selection
and some civilian jobs. The present report is a literature review of various types of
psychomotor tests, their reliabilities a d predictive validities. It will provide assistance
in determining whether tests of psycho -tor abilit be added to the ASVAB.

JOHN J PASS
By dir (ctio

Distribution:
OASD (FM&P)
OSUD(A)/R &T
CNO (OP-01B7, OP-13, OP-135L)
OCNR-10, OCNR-1 142, OCNR-1 142PS, OCNR-l 142CS)
ONT-20T
CNET (N-3)
ONT (Code 222)
ONR, Pasadena
ONR, London
ARt, PERI-ZT
AFHRL/ MO
USCG R&D, Groton
MR&AS, Smithsonian
ARI-USAREUR (Lib) (2)
STINFO
TSRL/Tech Lib
NPS
DTIC (2)

"I t-I



NPRDC TN 88-44 June 1988

Utility of Psychomotor Tests for Prediction of
Navy Enlisted Performance

Michael 3. Bosshardt
Personnel Decisions Research Institute

Minneapolis, MN 55414

Reviewed by
John H. Wolfe

Approved and released by
John 3. Pass, Ph.D.

Director, Personnel Systems Department

Approved for public release;
distribution is unlimited.

Navy Personnel Research an Development Center
San Diego, California 92152-6800

I~
-'9" ~ XY''~V -



REPORT DOCUMENTATION PAGE , " ,

is. REPORT SECURITY CLASSIFICATION lb RESTRICTIVE MARKINGS
UNCLASSIFIED

2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/ AVAILABILITY OF REPORT
,_ Approved for public release; distribution is

2t DECLASSIF CATION i DOWNGRADING SCHEDULE unlimited.

4 PERFORMING ORGANIZATION REPORT NUMBER(S) S MON.TORiNG ORGANIZATION REPORT NUMBER(S)

141 NPRDC TN 88-44
6a NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

Personnel Decisions Research Insti te (if Applicabe) Navy Personnel Research and Development
f Cen ter

6c ADDRESS (City. State, and ZIP Code) 7b. ADDRESS (City, State, end ZI Code)

Minneapolis, MN 55414 San Diego, California 92152-6800

Ba NAME OF FUNDING/SPONSORING 6b OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)

Bc ADDRESS(City. State.and ZIP Code) 10 SOURCE F FUNDONG NUMBERS

PROGRAM PROJECT TASK WORK UNI'
ELEMENT NO NO NO ACCESSION NO

I1 TITLE (Include Security Classification)

Utility of Psychomotor Tests for Prediction of Navy Enlisted Performance
'2 PERSONAL AUTHOR(S)

M. J. Bosshardt
13a. TYPE OF REPORT 13b TIME COVERED 14 DATE OF REPORT (Year, Month. Day) j5 PAGE COUNT

Interim FROy Jul 87 TO Oct 87 1988 June 106
16 SUPPLEMENTARY NOTATION

1# COSATi CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP I Psychomotor abilities, psychomotor, aptitude tests

19 ABSTRACT (Continue on reverse if necessary and identify by block number)

The psychomotor ability literature was reviewed to evaluate the usefulness of several types of
psychomotor tests for personnel selection. Over 2,000 psychomotor test validity coefficients were
identified and then organized according to type of psychomotor ability and criterion type (job vs. training
vs. other). The results showed that psychomotor tests have been used successfully to predict job and
training petforrnance for many occupations. Psychomotor tests typically have high test-retest and
internal consistency reliabilities. Data on practice effects showed that there are considerable gains in
test scores over trials. Correlations between psychomotor and cognitive ability tests were generally low.
Promising tests of various psychomotor abilities were also identified. Overall, the results suggest that
certain types of psychomotor tests may be useful for personnel selection and classification. 1

20 DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

r UNCLASSIFIED/UNLIMITED 0 SAME AS RPT 0 OTIC USERS illAl,¢;F|Fr)
22a NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (incudo Area COd) 22c. OFFICE SYMBOL

DO FORM 1473. 84 MAR 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE
All other editions are obsot UNCLASSIFI



SUMMARY

Problem

The Navy Personnel Research and Development Center is interested in
determining whether psychomotor tests might improve the prediction of Navy
enlisted performance, and if so, which ratings and types of psychomotor
tests are candidates for future research.

Purposes

The objectives of this report are to (1) define psychomotor ability,
(2) describe the types of psychomotor abilities, and (3) review the useful-
ness of existing tests of these psychomotor abilities.

Approach

A review of the military and civilian psychomotor test literature was
undertaken to determine the usefulness of psychomotor tests for personnel
selection and classification. Over 100 articles, technical reports, papers
and test manuals were reviewed.

Results and Discussion

Nine psychomotor abilities were identified. Several of these abili-
ties (multilimb coordination, finger dexterity, manual dexterity, wrist-
finger speed, control precision) were shown to predict job and training
criteria. Other results indicated that psychomotor tests generally have
high reliability, low correlations with cognitive ability measures, and
large practice effects. Tests measuring promising psychomotor abilities
were described and discussed.

Recommendations

The results of this literature review suggest that several types of
psychomotor ability should be examined as possible predictors of Navy en-
listed performance.
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SECTION 1. OVERVIEW AND DESCRIPTION OF PSYCHOMOTOR ABILITY

Overview of Report

The purposes of this report are to identify the types of abilities
represented in the psychomotor domain and to evaluate the usefulness of
psychomotor tests for personnel selection and classification. The results
of this report are organized into three sections. This section begins with
a brief overview of psychomotor research. The concept of psychomotor abil-
ity is then defined and several taxonomies of psychomotor ability are de-
scribed. A final taxonomy is then presented around which the rest of this
report is organized.

Section Two reviews selected measures of each psychomotor ability.
Information regarding the validity, reliability, practice effects, and
correlations with cognitive abilities for these tests is presented and
recommendations are made regarding the best measures of each psychomotor
ability. The section concludes with a discussion of several issues rele-
vant to psychomotor testing.

Section Three summarizes the major findings of this report and identi-
fies those psychomotor abilities and tests most likely to be useful in Navy
selection and classification.

Brief Overview of Psychomotor Research

Much of the research in psychomotor assessment has involved the pre-
diction of aircrew performance in military settings. Early psychomotor
investigations in military pilot selection relied primarily on paper-and-
pencil measures (cf. Guilford and Lacey, 1947). During World War II, how-
ever, emphasis shifted to developing apparatus measures of psychomotor
ability. Several of these apparatus tests were found to be relatively good
predictors of aircrew performance.

With the end of World War II, efforts to develop new apparatus mea-
sures waned as the need for pilots decreased. During this time, several
researchers investigated the underlying structure of these military pilot
test batteries (e.g., Guilford and Lacey, 1947; Dudek, 1948; Michael,
1949). Much of this research was summarized by Fleishman (1953), who iden-
tified 10 psychomotor ability factors as worthy of future investigation.

During the 1950s and early 1960s, Fleishman and his colleagues con-
ducted a series of factor analytic studies to identify the basic psycho-
motor abilities in pilot performance. This research included over 200
psychomotor tests and resulted in the identification of eleven psychomotor
abilities. Ironically, it was during this time that the Air Force dis-
continued use of psychomotor apparatus tests for aircrew personnel because
of the problems associated with these tests (e.g., equipment unreliability,
test development costs, and administrative costs). This led to renewed
research on less complex apparatus and paper-and-pencil measures of psycho-
motor abilities. The results of these efforts were disappointing, however,
leading Cronbach (1970) to conclude that it was unlikely that complex dex-
terity and coordination abilities could be measured using either paper-and-
pencil tests or simple motor tests. Other reviewers of the psychomotor
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literature (e.g., Passey and McLaurin, 1966; North and Griffin, 1977;
Imhoff and Levine, 1981) advocated renewed use of apparatus measures.

Use of computers for psychomotor assessment mfd.ked the beginning of
the current phase of psychomotor measurement. Sanders, Valentine, and
McGrevy, (1971) developed two computerized measures of multilimb coordina-
tion and found encouraging results. However, these early computer tests
were expensive to develop and administer, and as a result, relatively lit-
tle additional research on computerized psychomotor measures took place
during the 1970's. Recent advances in computer technology have created a
renewed interest in psychomotor testing. New microcomputer-based psycho-
motor tests have shown promising results in large scale studies involving
Army soldiers (e.g., Peterson, Hough, Dunnette, Rosse, Houston, Toquam, and
Wing, 1987).

Definition of Psychomotor Abilities

Psychomotor abilities refer to abilities that involve the execution of
motor responses such as manipulative, repetitive, and precise limb move-
ments (Imhoff and Levine, 1981). These include such abilities as finger
dexterity, manual dexterity, multilimb coordination, and speed of arm move-
ment. The distinguishing characteristic of all psychomotor abilities is
that they involve motor movement.

Psychomotor abilities are closely related to perceptual abilities.
Because psychomotor responses depend on the perception and processing of
stimulus information, the distinction between perceptual and psychomotor
abilities is somewhat arbitrary. Imhoff and Levine (1981) suggested that
perceptual abilities refer to the perception and processing of stimulus or
sensory information. These include such abilities as perceptual speed,
spatial visualization, and flexibility and speed of closure. In contrast,
psychomotor abilities emphasize the response, rather than the stimulus,
aspects of the situation.

Psychomotor abilities should also be differentiated from physical
abilities. Fleishman (1964) suggested that physical abilities relate to
gross physical proficiency or fitness. These include such abilities as
static and dynamic strength, extent and dynamic flexibility, body coordina-
tion, body balance, and stamina. In contrast, psychomotor abilities refer
to more refined motor movements that do not involve the use of large
muscles of the body.

Taxonomies of Psychomotor Ability

In this section several taxonomies that include psychomotor abilities
are reviewed. The section concludes with a final taxonomy that is used to
organize the the rest of this report.

Fleishman's Psychomotor Taxonomy

The most systematic research directed toward defining the psychomotor
domain was conducted by Fleishman and his colleagues. During the 1950s and
early 1960s, Fleishman performed a series of factor analytic studies with
military airmen to identify the basic structure of the psychomotor domain
(Fleishman, 1954; Fleishman and Hempel, 1954; Hempel and Fleishman, 1955;
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Fleishman and Hempel, 1955; Fleishman and Hempel, 1956; Fleishman, 1958;
Parker and Fleishman, 1960; Fleishman and Ellison, 1962). The method used
in several of these studies involved administering a battery of psychomotor
tests (apparatus and paper-and-pencil) to a sample of military airmen or
airmen trainees. In some studies, perceptual, physical, or cognitive abil-
ity tests were also included in the test battery. Pearson product-moment P
correlations were then computed among the test scores and the resulting
intercorrelation matrix factor analyzed (generally using Thurstone's
Centroid procedure) and rotated orthogonally to simple structure.

Based on factor analyses of over 200 tests, Fleishman (1964) identi-
fied eleven psychomotor abilities. All of these abilities had been found
in at least two factor analytic studies and most were found in four or more
studies. These abilities and their definitions (taken from Fleishman,
1967, pp. 352-353) are shown in Table 1.

Nine of the 11 abilities described in Table I (aiming, arm-hand
steadiness, control precision, finger dexterity, manual dexterity, multi-
limb coordination, rate control, speed of arm movement, and wrist-finger
speed) are relevant to the present review. Two of these abilities, re-
action time and response orientation, are not relevant. Reaction time was
specifically excluded in the Statement of Work for this project. Response
orientation involves the selection of the appropriate response to a stimu-
lus from two or more alternatives under highly speeded conditions (e.g.,
visual discrimination reaction tasks). Since this ability involves cog-
nitive-perceptual abilities and relatively little motor skill (e.g., lift-
ing a finger from a button), it is not included in this review.

It should be noted that Fleishman's taxonomy of psychomotor abilities
has not gone unchallenged. For example, Jones (1960, 1962) suggested that
a deductive, theory-testing approach is more appropriate than factor analy-
sis for identifying basic psychomotor abilities.

Siegel, Federman, and Welsand's Perceptual/Psychomotor Taxonomy
Siegel, Federman, and Welsand (1980) reviewed several taxonomies that

included either perceptual or psychomotor abilities as part of a study to
identify the types of perceptual-motor abilities required in 35 Air Force
career fields. They developed a preliminary list of perceptual-psychomotor
abilities from the following sources:

- Fleishman's (1964) taxonomy of 19 psychomotor and physical abilities

- Harrow's (1972) perceptual and psychomotor categories for describing
childrens' movement behavior

- Hunter's (1975) taxonomy of 11 ability factors underlying perfor-
mance on 28 perceptual/psychomotor and paper-and-pencil tests

- Rarick and Dobbin's (1975) taxonomy of 4 ability factors underlying
performance on several psychomotor/physical measures for children
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Tabl e 1

Psychomotor Abilities Identified by Fleishman (1967)

1. Control Precision: This factor is common to tasks that require fine,
highly controlled, but not overcontrolled muscular adjustments, pri-
marily where larger muscular groups are involved. This ability ext-
ends to arm-hand as well as to leg movements. It is most critical
where such adjustments must be rapid, but precise.

2. MultilimD Coordination: This is the ability to coordinate the move-
ments of a number of limbs simultaneously, and is best measured by
devices involving multiple controls. The factor has been found gen-
eral to tasks requiring coordination of two feet, two hands, and hands
and feet.

3. Response Orientation: This ability factor has been found general to
visual discrimination reaction psychomotor tasks involving rapid di-
rectional discrimination and orientation of movement patterns. It
appears to involve the ability to select the correct movem-nt in rela-
tion to the correct stimulus, especially under highly speeded
conditions.

4. Reaction Time: This represents simply the speed with which the indi-
vidual is able to respond to a stimulus when it appears. Individual
differences in this ability are independent of whether the stimulus is
auditory or visual and are also independent of the type of response
which is required. However, once the stimulus situation or the re-
sponse situation is complicated to involve alternate choices, reaction
time is not the primary factor that is measured.

5. Speed of Arm Movement: This represents simply the speed with which an
individual can make a gross, discrete arm movement where accuracy is
not the requirement.

6. Rate Control: This ability involves the timing of continuous antici-
patory motor adjustments relative to changes in speed and direction of
a continuously moving target or object. This factor is general to
tasks involving compensatory as well as following pursuit, and extends
to tasks involving responses to changes in rate.

7. Manual Dexterity: This ability involves skillful, well-directed arm-
hand movements in manipulating fairly large objects under speed condi-
tions.

4
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Table I (cont.)

8. Finger Dexterity: This is the ability to make skillful, controlled
manipulations of tiny objects involving, primarily, the fingers.

9. Arm-hand Steadiness: This is the ability to make precise arm-hand
positioning movements where strength and speed are minimized; the
critical feature, as the name implies, is the steadiness with which
such movements can be made. The ability extends to tasks in which a
steady arm or hand position is to be maintained.

10. Wrist-Finger Speed: This ability has been called "tapping" in many
previous studies. This factor is highly restricted in scope and does
not extend to many tasks in which apparatus is used. It has been
found that the factor is best measured by printed tests required rapid
tapping of the pencil in relatively large areas.

11. Aiming: This ability appears to be measured by printed tests which
provide the subject with very small circles to be dotted in, whether
there are a large number of circles and when the test is highly
speeded. The subject typically goes from circle to circle placing one
dot in each circle as rapidly as possible. This factor has not been
found to extend to apparatus tests.

5
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- Pfeiffer, Siegel, Taylor, and Shuler's (1978) taxonomy of 7 per-
ceptual/psychomotor abilities underlying military tasks

- several perceptual/psychomotur abilities measured by published test
batteries (General Aptitude Test Battery, Differential Aptitude
Test, Flanagan Aptitude Classification Tests, Employee Aptitude
Survey, Guilford-Zimmerman Aptitude Survey); and,

- 17 perceptual/psychomotor abilities relevant to Air Force special-
ties (Siegel et al., 1980).

This initial list of abilities was then reduced by combining abilities that
were redundant or related, eliminating abilities that were not related to
perceptual/psychomotor ability, and deleting abilities that were least
compatible with and applicable to various Air Force jobs. The result was a
list containing 13 perceptual-motor abilities, five of which are primarily
psychomotor in nature. These five psychomotor abilities and their defini-
tions (taken from Siegel et al., 1980, pp. 26, 29) are presented below:

1. Control Precison: the ability to perform rapid, precise, fine
controlled adjustments by either arm and hand movements or leg
movements

2. Manual Dexterity: the ability to perform skillful, well-directed
arm and hand movements to manipulate either fairly large or fair-
ly small objects under speeded conditions

3. Finger Dexterity: the ability to perform skillful manipulations
of small objects with the fingers

4. Multilimb Coordination: the ability to coordinate the movements
of a number of limbs simultaneously, e.g., two hands, two feet,
and hands and feet together

5. Rate Control (Tracking): the ability to perform continuous an-
ticipatory motor adjustments relative to changes in speed and
direction of a continuously moving object

The eight perception-oriented abilities were visual speed and ac-
curacy, visual memory, position memory, auditory discrimination, auditory
memory, clerical perception, perception of size and form, and depth percep-
tion.

Imhoff ?nd Levine's Taxonomy

Imhoff and Levine (1981) reviewed the perceptual/psychomotor and cog-
nitive literature relevant to pilot training and selection. They hypothe-
sized that: (1) two perceptual-motor dimensions--basic movement speed and
accuracy and perceptual-motor movement control--are most critical for pilot
research; and (2) many of Fleishman's psychomotor abilities can be col-
lapsed into these two dimensions.

The basic movement speed and accuracy dimension refers to the speed
and accuracy with which a movement can be made. These movements tend to be

6
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highly structured, and once inititated, require minimal processing or feed-
back to be carried out. Imhoff and Levine suggested that this dimension
subsumes three psychomotor abilities identified by Fleishman: control
precision, reaction t;me, and speed of arm movement.

The perceptual-motor movement control dimension refers to movements
that are directed by sensory and perceptual feedback after the initial
responses. This dimension involves movements in which the use of feedback
and sensory cues guide later movements. Imhoff and Levine suggested that
this dimension includes Fleishman's multilimb coordination, response orien-
tation, and rate control abilities.

McHenry's Taxonomy

McHenry (1987) proposed an extension of the Imhoff and Levine (1981)
taxonomy to include three other psychomotor abilities identified by
Fleishman. This hierarchical taxonomy has three levels of psychomotor
ability. At the most general level is the construct of psychomotor
ability. This construct can be broken down into three second-level psycho-
motor abilities: basic movement speed and accuracy, perceptual-motor move-
ment control, and dexterity. Each second-level ability subsumes two or
more specific psychomotor abilities identified by Fleishman. Basic move-
ment speed and accuracy subsumes control precision, speed or arm movement,
wrist-finger speed, and aiming. Perceptual-motor movement control subsumes
rate control, multilimb coordination, and arm-hand steadiness. Finally,
dexterity ability subsumes manual and finger dexterity.

A Final Psychomotor Taxonomy

Of the taxonomies reviewed, the taxonomy presented by Fleishman (1964,
1967) is probably the most relevant to the current Navy research program.
This taxonomy has the most research support and includes the greatest num-
ber of abilities of the taxonomies reviewed. The taxonomies presented by
Siegel et al. (1980) and Imhoff and Levine (1981) do not include several
abilities identified by Fleishman. The Siegel et al. (1980) taxonomy does
not include speed of arm movement, arm-hand steadiness, wrist-finger speed,
and aiming. The Imhoff and Levine (1981) taxonomy omits manual dexterity,
finger dexterity, arm-hand steadiness, aiming and wrist-finger speed.
Although both Imhoff and Levine (1981) and McHenry (1987) provide a pos-
sible explication of the second-order dimensions underlying Fleishman's
psychomotor abilities, no empirical evidence is presented supporting the
utility of their hierarchical taxonomies. More importantly, their second
order factors are probably too broad to distinguish meaningfully between
Navy ratings with respect to psychomotor ability. The level of specificity
of Fleishman's abilities would appear to correspond more closely to the
goals of the current research program. The nine relevant abilities are
sufficiently general to be useful for a range of military jobs (cf. Melton,
1947), yet specific enough to enable the development of relatively homo-
geneous ability measures.

7



SECTION 2. EVALUATION OF SELECTED PSYCHOMOTOR TESTS

In this section, measures of the nine psychomotor abilities identified
in Section One are reviewed. These measures are reviewed according to
their validity, reliability, practice effects, and correlations with cogni-
tive abilities. A summary of these results across all tests is then pre-
sented. The section concludes with a discussion of several issues related
to psychomotor testing: use of complex psychomotor tests, differential
stability, and test format.

Test Search Procedure

A review of the psychomotor literature was undertaken to identify
measures of the nine abilities identified in Section One (aiming, arm hand
steadiness, control precision, finger dexterity, manual dexterity, multi-
limb coordination, rate control, speed of arm movement, wrist-finger
speed). These search activities included: (1) conducting several com-
puterized searches using the PSYCINFO data base; (2) checking reference
sections of relevant articles and reports; (3) contacting researchers ac-
tive in the psychomotor testing; and, (4) checking the last several years'
editions of selected research journals (e.g., Perceptual and Motor Skills,
Journal of Motor Behavior), as well as textbooks and handbooks. Overall,
almost 200 articles, technical reports, papers, and test manuals were re-
viewed.

Test Characteristics Studied

These sources were examined for information about the characteristics
(e.g., validity, reliability, etc.) of various psychomotor tests. Several
characteristics were reviewed. First, studies of the criterion-related
validity of each predictor were reviewed. Validity results were gathered
for three types of criteria: job performance (e.g., supervisor ratings,
job proficiency measures, work sample measures), training performance
(e.g., graduation/elimination from training, training exam scores, training
instructor evaluations), and "other" miscellaneous criteria (e.g., school
course grades, instructor ratings).

Reliability information for each psychomotor test was also reviewed.
Of primary interest was the test-retest reliability of each predictor,
although other types of reliability indices (e.g., corrected split-half
correlations, internal consistency reliability indices) were also
collected.

Data on the correlations of each test with various cognitive abilities
were also gathered. The cognitive ability categories used correspond to
the abilities measured by the Armed Services Vocational Aptitude Battery
(ASVAB) subtests. These categories are perceptual speed and accuracy,
spatial ability, mechanical aptitude, verbal ability, numerical aptitude,
reasoning ability, science knowledge, electronics knowledge, and auto-
mobile/shop/tool knowledge.

8
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Finally, information was sought regarding the practice effects for
each test. To assess practice effects, gain scores (Cronbach and Furby,
1970) were computed.

Complete information regarding validity results, reliability results,
practice effects, and intercorrelations with cognitive tests was not avail-
able for most of these psychomotor tests. Thus, several measures having
only partial test information are included in the test summary tables. At
a minimum, however, a predictor was required to have validity information
to be included in the summary tables.

Evaluations of Selected Psychomotor Tests

Most of the psychomotor tests located had little or no test informa-
tion. Of those included, approximately 50 having validity information were
reviewed for this report. These tests are listed in Table 2 according to
the psychomotor ability measured. Brief descriptions of these tests are
given in Appendix A.

Table 3 presents a summary of validity results, reliability results,
and practice effects for each psychomotor test. The table is organized
according to the psychomotor ability measured. Table 4 presents a summary
of the correlations of each psychomotor test with various cognitive abili-
ties. This table is also organized by psychomotor construct. Detailed
information about the validity results, reliability results, practice ef-
fects, and correlations with cognitive abilities for each of these tests is
presented in a series of appendices. Appendix B shows summaries of indi-
vidual validity studies for each psychomotor test, organized by psychomotor
construct. Appendix C presents summaries of the individual reliability
studies for each psychomotor test, organized by psychomotor construct.
Appendix D presents summaries of the mean test scores and standard devia-
tions across trials for these tests. Finally, Appendix E presents sum-
maries of the correlations between each psychomotor test and various cogni-
tive abilities.

Aiming

A summary of validity results, reliability results, and practice ef-
fects for tests measuring aiming ability is shown in Table 3. All seven
aiming measures are paper-and-pencil tests (see Appendix A for brief de-
scriptions of these tests).

The median validities of these aiming measures are generally low.
Only one test, the FACT-Precision, has a mean validity of .15 or greater
across criteria. All the other aiming tests have validities that are less
than .10.

Reliability information was located for only four aiming tests. The
FACT-Coordination has a test-retest reliability of .65. Corrected split-
half reliability coefficients for the Small Tapping Test, Tracing test, and
FACT-Precision range from .80 to .89.

None of these aiming tests reported practice information in the stud-
ies reviewed.

9



Table 2

Selected Measures of Psychomotor Abilities

Aiming

Crossing Test (Mullins et al., 1968 )a

Flanagan Aptitude Classification Test - Coordination (Flanagan, 1959)
Flanagan Aptitude Classification Test - Precision (Flanagan, 1959)
Small Tapping Test (Fleishman and Hempel, 1954)
Trace Tapping I (Mullins et al., 1968)
Trace Tapping II (Mullins et al., 1968)
Tracing (Mullins et al., 1968)

Arm-Hand Steadiness

Arm-Hand Steadiness Test (Melton, 1947)
Line Control (Mullins et al., 1968)
Steadiness Aiming Test (Melton, 1947)

Control Precision

Dial Setting Test (Melton, 1947)
Pursuit Confusion Test (Fleishman, 1956)
Rotary Pursuit Test (Melton, 1947)
Target Tracking Test I (McHenry, 1987)

Finger Dexterity

Crawford Small Parts Dexterity Test (Grant and Bray, 1970)
General Aptitude Test Battery - Finger Dexterity (U.S. Dept. of Labor,
1970)
O'Connor Finger Dexterity Test (Rim, 1962)
Pinboard Test (Farr et al., 1971)
Purdue Pegboard (Rim, 1962)
Santa Ana Finger Dexterity Test (Melton, 1947)

Manual Dexterity

Formboard Test (Farr et al., 1971)
General Aptitude Test Battery - Manual Dexterity (U.S. Dept. of Labor,
1970)
Hand Tool Dexterity Test (Bennett and Fear, 1943)
Minnesota Rate of Manipulation Test (Rim, 1962)
Pennsylvania Bi-Manual Work Sample (Rim, 1962)
Peg Placing (Mathews and Jensen, 1977)
Peg Turning (Mathews and Jensen, 1977)
Stromberg Dexterity Test (Rim, 1962)
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Table 2 (cont.)

Multilimb Coordination

Bi-Manual Coordination Test (Melton, 1947)
Complex Coordination Test (Melton, 1947)
Complex Coordination Test (Sanders et al., 1971)
Rudder Control Test (Melton, 1947)
Target Tracking Test 2 (McHenry, 1987)
Two-Hand Coordination Test (Melton, 1947)
Two-Hand Coordination Test (Sanders et al., 1971)
Two-Hand Pursuit Test (Melton, 1947)

Rate Control

Motor Judgment Test (Farr et al., 1971)
Rate Control (Melton, 1947)
Single-Dimension Pursuitmeter (Melton, 1947)
Target Shoot Test (McHenry, 1987)

Speed of Arm Movement

Two-Plate Tapping Test (Melton, 1947)

Wrist-Finger Speed

Employee Aptitude Survey-Manual Speed and Accuracy (Psychological
Services, 1957)
General Aptitude Test Battery - Motor Coordination (U.S. Dept. of Labor,
1970)
Hand Skills Test (Cory et al., 1980)
Large Tapping Test (Fleishman, 1954)
Manual Speed (Cory et al., 1980)
Mark Making Test (Mathews and Jensen, 1977)

aThe references provided simply represent one article or report in

which the test was used or described. Many of these tests have been used
and described in more than one article or report.
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Table 4 summarizes the correlations of the FACT-Coordination and FACT-
Precision with measures of various cognitive abilities. The results indi-
cate that both tests have relatively low correlations with cognitive abili-
ties.

Overall, relatively little information was found regarding the test
characteristics of these aiming tests. Of the tests reviewed, the FACT-
Precision appears to have the most promise from a selection standpoint.
This is a speeded paper-and-pencil test that requires examinees to trace
within the space between narrowly separated concentric circles or squares
without touching the edges of the circles. The data for the FACT-Preci-
sion, however, are limited. Information regarding test-retest reliability
and practice effects was not located.

Arm Hand Steadiness

The characteristics of three measures of arm hand steadiness are re-
viewed in Table 3. The validity results indicate that arm steadiness mea-
sures have low correlations with training criteria. All of these tests
have median validity coefficients that are less than .15. The highest
median validity (.13) is for the Steadiness Aiming Test and that is based
on only one study. The Arm Hand Steadiness Test has 13 validity studies,
but only one validity coefficient was greater than .15 (see Appendix B).

Reliability results were located for two of the three arm hand steadi-
ness measures. The Arm Hand Steadiness Test has a test-retest reliability
of .75. The Steadiness Aiming Test has a mean reliability of .91.

No information regarding practice effects was found for any of these
arm hand steadiness tests.

Table 4 shows the correlations between the Arm-Hand Steadiness Test
and various cognitive abilities. These correlations are consistently low,
with all correlations being less than .07.

In summary, only three measures of arm-hand steadiness having validity
results were found and none of these tests appears promising. The results
suggest that arm hand steadiness has limited utility for predicting job or
training performance.

Control Precision

Validity results for four measures of control precision are shown in
Table 3. The results indicate that three of these four tests (Pursuit
Confusion Test, Dial Setting Test, Target Tracking Test 1) have median
validities of .25 or greater for training criteria. The validity of the
Target Tracking Test 1 is especially high (.55). The median validity of
the fourth measure of control precision, Rotary Pursuit, is .14.

Test-retest reliability studies were located for two of these four
control precision tests. The Rotary Pursuit Test has a test-retest re-
liability of .88 and the Target Tracking Test 1 has a test-retest reliabil-
ity of .71. Corrected split-half reliabilities for the other two control
precision tests are .83 (Pursuit Confusion Test) and .73 (Dial Setting
Test).
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Gain score information was located for three tests. The Target Track-
ing Test I has a small trial 2 gain score (+8.3%). The Rotary Pursuit Test
and the Dial Setting Test have much larger increases in scores over trials.

Data regarding the correlations of three control precision tests with
various cognitive abilities are shown in Table 4. Correlations for the
Rotary Pursuit Test and Dial Setting Test are uniformly low, with the high-
est correlation being .22. Correlations between Target Tracking Test 1 and
cognitive abilities are generally higher, with the highest correlation
being .41 (with mechanical aptitude).

In summary, several measures of control precision may be useful in
Navy selection. One of these tests, the Target Tracking Test 1, is a com-
puterized test. This test presents the examinee with a path of vertical
and horizontal lines and a target box with centered crosshairs. As the
target box travels along the path, the examinee must use a joystick to keep
the crosshairs centered on the target. Over trials, the crosshairs, path
speed, target speed, and number of path segments differ. The test has
acceptable test-retest reliability, small practice effects, and relatively
low correlations with cognitive abilities. Two other measures of control
precision, the Dial Setting Test and Pursuit Confusion Test, have relative-
ly high validities; however, no test-retest reliability information was
found for either measure.

Finger Dexterity

Table 3 summarizes the validity results for six apparatus measures of
finger dexterity. The results indicate that the Purdue Pegboard and
Crawford Small Parts Test have median validities of about .30 or greater
with various criteria, the GATB-Finger Dexterity Test has a median validity
of .20, and the Santa Ana Finger Dexterity, O'Connor Finger Dexterity Test,
and Pinboard Test have relatively low validities.

Test-retest reliability results were located for four finger dexterity
tests (Purdue Pegboard, O'Connor Finger Dexterity Test, GATB-Finger Dex-
terity Test, Santa Ana Finger Dexterity Test). These reliabilities range
from .68 (Purdue Pegboard) to .87 (O'Connor Finger Dexterity Test). A
fifth test, Crawford Small Parts Dexterity Test, has a mean corrected
split-half reliability of .89. No reliability information was found for
the Pinboard Test.

Information regarding practice effects was found only 
for the Santa 6

Ana Finger Dexterity Test. Scores on this test show large gains over seven
follow-up trials.

Table 4 shows the mean correlations between measures of five finger
dexterity tests and several cognitive abilities. These correlations are
generally in the .20s and .30s, indicating low to moderate correlations
with cognitive abilities. The correlations are generally highest for the
Purdue Pegboard, although this may be due to the specific cognitive abili-
ties with which this test was correlated.

Overall, these results suggest that three finger dexterity tests--
Purdue Pegboard, GATB-Finger Dexterity, Crawford Small Parts Dexterity
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Test--may be useful in prediction. All three of these tests use special
apparatus. The Purdue Pegboard requires examinees to insert pegs into
holes on a wooden board and to assemble pegs, washers, and collars. The
GATB-Finger Dexterity Test has two subtests. One subtest requires subjects
to assemble washers onto rivets and then insert the assembled pieces into
holes on a test board; the second test involves removing washers from
rivets then placing the rivets into holes on another board. The Crawford
Small Parts Dexterity Test requires examinees to use a tweezers to pick up
and insert pins into holes. The test-retest reliabilities for these tests
are adequate and their intercorrelations with cognitive tests are generally
low; however, practice information was not found for any of these tests.

Manual Dexterity

The validity results summarized in Table 3 indicate that four manual
dexterity tests have validities of .15 or greater across criteria. These
are the Minnesota Rate of Manipulation, the GATB-Manual Dexterity, the
Stromberg Dexterity Test, and the Hand Tool Dexterity Test. On the other
hand, four measures of manual dexterity have mean validities of .10 or
lower. These are the Pennsylvania Bi-Manual Work Sample, Formboard Test,
Peg Turning, and Peg Placing.

Reliability results were found for five of these manual dexterity
tests. Mean test-retest reliabilities are .75 for the GATB-Manual Dexteri-
ty and .87 for the Hand Tool Dexterity Test. Reliabilities for three other
manual dexterity tests (Minnesota Rate of Manipulation, Stromberg Dexterity
Test, Pennsylvania Bi-Manual Work Sample) range from .84 to .90. No re-
liability information was located for the Formboard, Peg Turning, or Peg
Placing tests.

None of the tests measuring manual dexterity reported practice infor-
mation in the studies reviewed.

Table 4 summarizes the correlations between two manual dexterity tests
and various cognitive abilities. Correlations for the Hand-Tool Dexterity
Test range from -.02 to .25. Correlations for the GATB-Manual Dexterity
test range from .09 to .31.

In summary, three measures of manual dexterity--Minnesota Rate of
Manipulation, GATB-Manual Dexterity, and the Hand Tool Dexterity Test--show
useful levels of validity for predicting job and training performance. The
GATB-Manual Dexterity test and Hand Tool Dexterity Test also have high
test-retest reliabilities and relatively low correlations with cognitive
tests. No practice information was found for any of these tests. It
should be noted, however, that all three tests require special apparatus
that might be difficult to adapt to a computer. The Minnesota Rate of
Manipulation requires examinees to manipulate a set of 60 blocks, either
turning the blocks around or placing them in a different location. The
GATB-Manual Dexterity has two similar tests that use pegs instead of
blocks. The Hand Tool Dexterity Test requires examinees to transfer bolt,
washer, and nut units from one part of a test board to another using simple
hand tools (wrench, screwdriver).
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Multilimb Coordination

The validity results for nine apparatus and computer measures of
multilimb coordination are shown in Table 3. The results indicate that all
of these tests have mean validities of .15 or greater across criteria.
Four tests--Target Tracking Test 2, Two-Hand Coordination Test (Melton,
1947), Rudder Control Test, Complex Coordination Test (Melton, 1947)--have
average validities of .25 or greater. One test, Target Tracking Test 2,
had a validity of .51 with a training simulation criterion (see Ap-
pendix B).

Reliability results were located for all of these multilimb coordina-
tion tests. Test-retest reliabilities for four tests [Target Tracking Test
2, Two-Hand Coordination Test (Melton, 1947), Rudder Control Test, Bi-
Manual Coordination Test] range from .72 - .83. Corrected split-half re-
liabilities for the other tests are all greater than .80.

Four of these tests report data on practice effects. The Target
Tracking Test 2 shows a negative gain score of 12.8 percent on trial 2.
The other three tests [Two-Hand Coordination Test (Melton, 1947), Rudder
Control Test, Complex Coordination Test (Melton, 1947)] have much larger
gain scores, although scores on the Rudder Control Test stabilize in rela-
tively few trials.

As shown in Table 4, correlations with cognitive abilities were avail-
able for seven of the eight multilimb coordination tests. These correla-
tions are consistently less than .40, with most of the correlations being
less than .20.

Based on these results, several measures of multilimb coordination
might be useful for selection. Of these, the Target Tracking Test 2 ap-
pears to be most promising test. This is a computerized test with good
validity, good reliability, small practice effects, and relatively modest
correlations with cognitive abilities. This test presents examinees with a
path of vertical and horizontal lines and a target box with centered cross-
hairs. As the target box travels alung the path, the examinee must use of
two sliding resistors to keep the crosshairs centered on the target. Over
trials, the crosshairs, path speed, target speed, and number of path seg-
ments differ.

Other multilimb coordination tests with validities greater than .20
and acceptable test-retest reliabilities are the Rudder Control Test, Two-
Hand Coordination Test and the Bi-Manual Coordination Test. Practice ef-
fects for the Rudder Control Test and Two-Hand Coordination Test are quite
large, however.

Rate Control

Table 3 summarizes the validity results for four measures of rate
control. Only five validity coefficients were found. The Target Shoot
Test has a correlation of .27 with a training simulation criterion (see
Appendix B). Validity coefficients for the other three tests are much
lower, ranging from -.02 (Motor Judgment Test) to .10 (Single Dimension
Pursuitmeter).
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Test-retest reliability information was located for the Target Shoot
Test. The test-retest reliability of this test, based on four coeffi-
cients, is only .50. Mean corrected split-half reliability coefficients
for other measures of rate control range from .75 (Rate Control) to .85
(Single Dimension Pursuitmeter).

Practice information was located for only one test--the Target Shoot
Test. The Trial 2 gain score is only 5.5 percent, indicating very little
change in test performance.

Correlations with cognitive abilities were found for only the Target
Shoot Test. As shown in Table 4, these correlations are uniformly low,
ranging from .01 to .22.

In summary, there is very little information for measures of rate
control. Only five validity coefficients were located for the four tests
reviewed. One test, the Target Shoot Test, is computerized. This test has
a relatively high validity with a training simulation criterion, small
practice effects, and low correlations with cognitive measures, but has a
test-retest reliability of only .50. Thus, although data for this con-
struct are very limited, the results suggest that rate control has limited
utility for predicting job or training performance.

Speed of Arm Movement

Only one test measuring speed of arm movement was found that had va-
lidity information--the Two-Plate Tapping Test. Table 3 indicates that
only one validity coefficient was located for this test, a correlation
of .07 with a graduation-elimination from training criterion (see Appendix
B). The test-retest reliability of this test is high (.91), although the
test shows relatively large practice effects over trials. No data were
found regarding the correlations of the Two-Plate Tapping Test with various
cognitive abilities.

Overall, only one test measuring speed of arm movement was found that
had validity information--the Two-Plate Tapping Test. The limited data
available suggests this test has little utility for military selection.

Wrist-Finger Speed

Table 3 summarizes validity results for six paper-and-pencil measures
of wrist-finger speed. The results indicate that three tests (GATB-Motor
Coordination, EAS-Manual Speed and Accuracy, Hand Skills Test) have median
validities of .15 or greater across criteria. Among other wrist-finger
speed measures, Manual Speed has a validity coefficient of .14, and two
tests (Large Tapping Test and Mark Making) have validities less than .05,
although the number of validity studies for these tests is small.

Test-retest reliabilities are relatively high for the GATB-Motor Co-
ordination (.85) and EAS-Manual Speed and Accuracy (.77) and somewhat lower
for the Hand Skills Test (.68) and Manual Speed (.57). The corrected
split-half reliability of the Large Tapping Test is .94. No reliability
information was reported for the Mark Making test.
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None of the tests measuring wrist-finger speed reported practice in-
formation in the studies reviewed.

Correlations with cognitive abilities were found for two of the six
wrist-finger speed tests. As shown in Table 4, the GATB-Motor Coordination
test has moderate correlations with several cognitive abilities (range: .17
- .49). The Large Tapping Test shows consistently low correlations with
cognitive abilities (range: .02 - .14).

These results indicate that the GATB-Motor Coordination and EAS-Manual
Speed and Accuracy tests may be the most promising measures of wrist-finger
speed. The GATB-Motor Coordination is a highly speeded test that requires
the examine to make three short pencil marks (two vertical and a third
horizontal line beneath them) in a series of squares. The EAS-Manual Speed
and Accuracy test is also a speeded test that requires the examinee to
place a pencil dot in as many "0" as possible in five minutes.

Summary: Validity Results for Various Psychomotor Abilities

This section summarizes the validity results presented in Table 3.
Summaries of many of the individual validity studies are presented in Ap-
pendix B.

More than 2000 validity coefficients are summarized in Table 3. Re-
sults indicate that three psychomotor abilities have average validities
of .20 or greater across job, training and other criteria. These abilities
are multilimb coordination (.27), wrist-finger speed (.21), and manual
dexterity (.20). Three other psychomotor abilities have average validities
between .10 and .20. These are finger dexterity (.19), and control preci-
sion (.17). Four psychomotor abilities have average validities that are
less than .10. These abilities are rate control (.09), aiming (.08), speed
of arm movement (.07), and arm hand steadiness (.05).

These results are similar to those of McHenry (1987) who recently
performed a comprehensive review of the psychomotor test literature.
McHenry reported the following median validities for various psychomotor
constructs: multilimb coordination (.20), wrist-finger speed (.17), manual
dexterity (.19), finger dexterity (.16), control precision (.17), rate
control (.06), aiming (.13), speed of arm movement (.10), and arm hand
steadiness (.06). McHenry (1987) found the median validity coefficient
across all psychomotor abilities was .17.

The average validity for the studies reviewed in Table 3 is .20. The
mean validity coefficient is .18 for job criteria, .20 for training cri-
teria, and .20 for "other" criteria. It should be noted that the "other"
category includes several GATB test validity studies that used job or
training criteria.

Summary: Reliability Results

The test-retest reliabilities for psychomotor tests are generally
high. The mean test-retest reliability across all psychomotor tests shown
in Table 3 is .75 (range: .37 to .91). The mean corrected split-half and
other (e.g., internal consistency) reliability coefficients are .86
and .85, respectively.
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Summary: Practice Effects

The available data regarding practice effects suggests that perfor-
mance on psychomotor tests improves considerably over trials. The mean
gain score of the tests reviewed in Table 3 is 47 percent on trial 2, 107
percent on trial 3, and 109 percent on trial 4. It should be noted, how-
ever, that these results are based nn relatively few studies. Furthermore,
a few tests (e.g., Target Tracking Test 1, Target Tracking Test 2, Target
Shoot) show little change in second trial mean test score.

These findings regarding practice effects have been corroborated by
other researchers. Results from a series of studies conducted at the Naval
Medical Research and Development Command (e.g., Kennedy & Bittner, 1977;
Kennedy et al., 1980) have shown that psychomotor test scores improve with
practice. A recent review of the literature by Adams (1987) summarizes the
effects of other practice-related variables such as knowledge of results,
distribution of practice, transfer of training, retention, and individual
differences on motor skills learning.

Although these results show that scores on most psychomotor tests
improve with practice, it should be noted that cognitive tests are also
subject to practice effects. For example, Friedman, Streicher, Wing,
Grafton, and Mitchell, (1983) examined practice effects for a sample of
1774 Army applicants who completed the same version of the Armed Services
Vocational Aptitude Battery (ASVAB) twice during one year. Gain scores
ranged from +.16 standard deviations (Mathematics Knowledge) to +.39 stan-
dard deviations (Coding Speed). For 26,137 Army applicants who completed
different forms of the ASVAB during this year, gain scores ranged from +.08
standard deviations (General Science) to +.43 standard deviations (Coding
Speed).

Summary: Correlations Between Psychomotor and Cognitive Abilities

Table 5 shows the median correlations between each psychomotor con-
struct and various cognitive abilities. Summarized in this table are al-
most 300 individual test-cognitive ability correlations (see Appendix E).
The results indicate that psychomotor abilities have relatively low cor-
relations with cognitive abilities. The mean of the 58 psychomotor-cog-
nitive ability correlations is only .16 (range: -.01 - .49). Only nine of
these correlations are greater than .25; sixteen correlations are .10 or
less.

None of the psychomotor abilities has a mean correlation across cogni-
tive abilities of .25 or greater. Only two psychomotor abilities, aiming
and wrist-finger speed, have mean cor.,elations across cognitive abilities
as high as .20.

Overall, these results indicate that there is considerable variance in
measures of psychomotor ability that is not tapped by cognitive ability
tests. Thus, it would appear that psychomotor abilities can contribute
unique variance to the prediction of job and training performance.
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Other Issues Related to Psychomotor Assessment

The following sections discuss several issues that are relevant to the
utility of psychomotor testing. Included are discussions of the usefulness
of complex psychomotor measures, differential stability, and psychomotor
testing format (e.g., paper-and-pencil, apparatus, computer tests).

Validity of Complex Psychomotor Tests

The tests reviewed thus far have measured individual psychomotor abil-
ities that were identified by Fleishman (1964). Some researchers have
developed "complex" psychomotor tests to measure several psychomotor abili-
ties. These tests are frequently work sample measures.

McHenry (1987) summarized the validity results for several complex
psychomotor tests. The tests included in his review are listed below:

- Aetna Drivotron (Farr et al., 1971)
- Aircraft Landing Test (Fowler, 1981)
- AllState Good Driver Test (Farr et al., 1971)
- Automated Pilot Aptitude Measurement System (Hunter and Thompson, 1978)
- Career Determining Exercises (Farr et al., 1971)
- Center-of-Mass Task (Eaton et al., 1980)
- Chalk Carving Test (Mathews and Jensen, 1977)
- Gunner Tracking Task (Campbell and Black, 1982)
- Jump Reaction Time Test (Farr et al., 1971)
- Observer Trainability Tests (Jones, 1982)
- Pistol Firing Test (Osborn and Ford, 1976)
- Round Adjustment Task (Eaton et al., 1980)
- Rudder Timing Reaction Tests (Melton, 1947)
- Timing Reaction Test (Melton, 1947)
- Tracking Test (Melton, 1947)

The median validity for these tests across criteria was only .10 (110
validity coefficients). The median validity for training criteria was .13
(100 coefficients) and .00 for job proficiency criteria (9 coefficients).

Differential Stability

Related to the issues of test reliability and test practice effects
discussed earlier is the issue of the test-retest stability. As shown in
Table 3, there is considerable evidence that many psychomotor tests have
large practice effects. Such gains in test performance could jeopardize
the conclusions of studies that involve multiple or repeated trials. As a
result, Jones, Kennedy, and Bittner (1981) suggested that scores on re-
peated measures should be compared only after the point in the learning
curve in which practice effects are minimal or nonexistent. They have
called this differential stability.

The concept of differential stability was investigated in a series of
investigations conducted by researchers at the Naval Medical Research and
Development Command in the late 1970s and early 1980s (e.g., Kennedy &
Bittner, 1977; Kennedy, Carter, & Bittner, 1980). The purpose of these
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studies was to identify a set of cognitive, perceptual and motor tests that
could be used to assess the impact of effects of environmental (e.g., ship
motion) and time-course effects on test performance using repeated-measures
designs. A major outcome of this research program has been a battery of
tests called the Performance Evaluation Tests for Environmental Research,
or PETER.

The PETER research program has investigated over 140 different perfor-
mance tests covering a wide range of abilities, including psychomotor
ability. Bittner, Carter, Kennedy, Harbeson, and Krause (1986) summarize
the utility of 114 different types of tests for repeated measures applica-
tions. Six of these are psychomotor oriented tests (Minnesota Rate of
Manipulation, Purdue Pegboard, Atari Combat Maneuvering, Spoke Control
Task, Aiming, Choice Reaction Time). All of these tests were classified
into one of four categories (Recommended, Acceptable-But-Redundant, Mar-
ginal, Unacceptable) primarily on the basis of stabilization time and re-
liability. No validity evidence was presented or considered in making
these designations. The results indicated that four psychomotor tests--
Minnesota Rate of Manipulation, Atari Combat Maneuvering, Spoke Control
Task, Aiming--were in the recommended category and the Aiming and Choice
Reaction Time tests were in the acceptable but redundant task features
category.

Test Format

Three types of tests have most frequently been used to measure psycho-
motor ability: paper-and-pencil tests, apparatus tests and computerized
tests.

Paper-and-pencil psychomotor tests have a number of advantages:
(1) they can easily be administered to large numbers of persons; (2) they
enable relatively standardized test administrations; and (3) they are rela-
tively inexpensive to develop and administer. Such measures have one major
drawback, however; it is difficult to develop paper-and-pencil measures for
several psychomotor abilities (e.g., multilimb coordination, manual dex-
terity, and finger dexterity).

Apparatus te~ts have frequently shown relatively high levels of va-
lidity and low correlations with cognitive abilities. Such tests have
several disadvantages, however, as noted by Melton (1947): (1) they are
expensive to develop and maintain; (2) they require frequent maintenance
and recalibration; (3) they are less amenable to standardized test adminis-
trations because of differences in machines and differences within the same
machine over time (due to machine wear); and (4) scores on apparatus tests
typically show large gains with practice. In addition, Thorndike (1949)
noted that the validation data gathering process can be time-consuming
because of the limited number of apparatus tests typically available for
use. S

Computerized psychomotor tests have several advantages over mechanical
apparatus tests (McHenry, 1987; Rosse and Peterson, 1985). One advantage
is that computer tests tend to be more reliable operationally and less N.
susceptible to breakdowns or intra-test differences. A second advantage of
computer tests over mechanical apparatus tests is that they permit greater
standardization in testing conditions. A final advantage of computer tests
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is that they can be programmed to automatically record and score the ex-
aminee's responses, simplifying scoring and processing.

Rosse and Peterson (1985), however, noted several difficulties with
computerized tests. Appropriate hardware may not be available for a par-
ticular application. Software is often unavailable and may bc expensive
and/or difficult to develop. Computers also require periodic recalibra-
tion, although generally not as often as mechanical apparatus measures.

Hunt and Pelligrino (1985) discussed other concerns regarding com-
puterized tests. These include: (1) whether computerized tests change the
ability under evaluation; (2) whether the computer format leads to indi-
vidual differences in motivation to perform the task; (3) the effects of
keyboard experience on test scores; and (4) the effects of practice on
computer test performance.

3
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SECTION 3. SUMMARY AND CONCLUSIONS

Several taxonomies were reviewed for describing the psychomotor abili-
ty domain (Fleishman, 1967; Siegel et al., 1980; Imhoff and Levine, 1981;
McHenry, 1987). The most thoroughly researched taxonomy was presented by
Fleishman and his associates (Fleishman, 1967, 1972). This taxonomy in-
cludes eleven psychomotor abilities, nine of which are relevant to this
report: multilimb coordination, control precision, rate control, finger
dexterity, manual dexterity, wrist-finger speed, aiming, arm-hand steadi-
ness, and speed of arm movement.

To evaluate the utility of these nine abilities, a review of the psy-
chomotor test literature was conducted. Several measures of each psycho-
motor ability were identified and information was sought regarding their
validity, reliability, intercorrelations with cognitive ability, and prac-
tice effects. Over 2,000 validity coefficients were located. An evalua-
tion of the validity results indicated that several types of psychomotor
abilities may be useful in selection. These include multilimb coordina-
tion, wrist-finger speed, manual dexterity, finger dexterity, and control
precision. Measures of all five of these abilities had median validity
coefficients of .16 of greater. The median validity coefficient across
studies was .20 (.18 with job performance criteria, .20 with training cri-
teria, and .20 with other criteria).

The reliability of these psychomotor tests was generally high. The
mean test-retest reliability was .75 (range: .37 - .91). Internal con-
sistency and corrected split-half reliabilities were typically in the .80s
and .90s.

The correlations between psychomotor and ability tests were generally
low. A summary of nearly 300 psychomotor-cognitive ability correlations
showed that the mean correlation was only .16 (range: -.01 - .49). The
results showed that only two psychomotor abilities, aiming and wrist-finger
speed, had mean correlations across cognitive abilities of .20 or greater.
Overall, this suggests that there is relatively little overlap between
psychomotor abilities and cognitive abilities. Given the low correlations
between psychomotor and cognitive measures, inclusion of psychomotor tests
in cognitive batteries might lead to increments in overall validity.

Other concerns with psychomotor tests have centered on the use of
complex psychomotor tests, differential stability, and use of different
testing formats. Each of these issues was briefly discussed.

Based on the research summarized in this this report, several psycho-
motor abilities are likely to be related to training and job performance
criteria in the Navy. These include multilimb coordination, wrist-finger
speed, manual dexterity, finger dexterity, control precision. Promising
measures of these constructs are listed in Table 6.
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Table 6

Promising Measures of Various Psychomotor Abilities

Control Precision

Target Tracking Test I
Dial Setting Test
Pursuit Confusion Test

Finger Dexterity

Purdue Pegboard
GATB-Finger Dexterity
Crawford Small Parts Dexterity Test

Manual Dexterity

Minnesota Rate of Manipulation
GATB-Manual Dexterity
Hand Tool Dexterity Test

Multilimb Coordination

Target Tracking Test 2
Bi-Manual Coordination Test
Rudder Control Test
Two-Hand Coordination Test

Wrist-Finger Speed

GATB-Motor Coordination
EAS-Manual Speed and Accuracy
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BRIEF DESCRIPTIONS OF SELECTED PSYCHOMOTOR TESTS

Arm Hand Steadiness (Melton, 1947)

Construct Measured: Arm Hand Steadiness

This apparatus test consists of a metal plate that has an aperture or hole
and a metal stylus. The examinee's task is to hold the stylus within the
aperture, minimizing the contact between the stylus and the edge of the
aperture. The test consists of eight 30-second trials, each separated by a
15-second rest period. The test score is either the number of contacts or
the amount of time the stylus is in contact with the edge of the aperture.

Bi-Manual Coordination Test (Melton, 1947)

Construct Measured: Multilimb Coordination

This apparatus test is intended to measure an individual's ability to co-
ordinate dissimilar movements of the two hands. The test apparatus con-
sists of a metal plate with a serrated pathway cut into the plate. The
examinee's task is to move a vertical metal peg through the serrated path-
way. The movements of the peg are controlled by two metal bars which pro-
trude from the front of the apparatus. These bars must be operated simul-
taneously to control peg movement direction. The serrated pathways, whicz
are on both sides of the pathway, trap the peg when erroneous movements are
made. The test score is the distance traversed along the pathway.

Complex Coordination Test (Melton, 1947)

Construct Measured: Multilimb Coordination

This apparatus test is designed to measure the ability to make coordinated
movements using an airplane-type stick and rudder in response to patterns
of visual signals. The test apparatus consists of three double rows of
lamps. One row of each pair of lamps has red lights (the signal row) and
the other row has green lamps (the response row). When a pattern of lights
is presented, the examinee must properly adjust the stick and rudder to
match the pattern. After matching the pattern, a new pattern of signal
lights is presented and the examinee must adjust the stick and rudder to
match the new pattern. The test score is either the number of patterns
matched in a fixed time period or the amount of time required to complete a
given number of patterns.

Complex Coordination Test (Sanders et al., 1971)

Construct Measured: Multilimb Coordination

This is a computer-administered test. The examinee's task is to adjust a
joystick to control the movement of an X-shaped stimulus while simul-
taneously using a foot-controlled rudder to control a short vertical line
near the bottom of the display. Both stimuli make frequent, unpredictable
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changes in movement, partially under the control of a computer program.
The examinee must attempt to keep the X-shaped stimulus centered at the
intersection of the row and column of dots using a joystick and simul-
taneously keep the second stimulus aligned along the vertical row of dots
with a rudder bar using both feet. The test consists of five 1-minute
trials, and yields several scores: (1) horizontal deviation of the first
stimulus from the target point (X Axis score); (2) vertical deviation of
the first stimulus from the target point (Y Axis score); (3) square root of
the sum of squares of the X Axis and Y Axis error scores (Generated score);
(4) horizontal deviation of the second stimulus from the target point (Z
Axis score); and (5) number of times the second stimulus moves off the
screen (Reset score).

Crawford Small Parts Dexterity Test

Construct Measured: Finger Dexterity

This apparatus test consists of a 10-inch square board with 3 round wells
for holding parts, a metal plate with 42 unthreaded and 42 threaded wells,
2 metal trays under the plate, tweezers, and a small screwdriver. In the
first part of the test, the examinee uses a tweezers to pick up pins one at
a time (using the preferred hand), inserts each pin into a small hole in
the metal plate, and places a collar over it. The examinee does this for
six rows of holes. In the second part of the test, the examinee picks up
screws and begins threading the screw with the fingers, then finishes the
threading using a screwdriver. In this part, both hands are used. The
test score is either the time required to complete each part of the test or
the number of holes filled for a given amount of time.

Crossing Test (Mullins et al., 1968)

Construct Measured: Aiming

This paper-and-pencil test consists of 144 boxes that have a small square
in each corner. The examinee's task is to place an "X" precisely inside as
many of these small squares as possible in 4 minutes.

Dial Setting Test (Melton, 1947)

Construct Measured: Control Precision

This apparatus test consists of four dials with knobs and four correspond-
ing stimulus apertures. The examinee's task is to set the four dials to
the numbers shown in the apertures. When all four dials are set exactly to
the numbers indicated, a new set of numbers is presented in the apertures.
The test score is the number of settings completed within a given period of
time.
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Employee Aptitude Survey - Manual Speed and Accuracy

Construct Measured: Wrist-Finger Speed

This paper-and-pencil test consists of 750 "O"s. The examinee's task is to
place a pencil dot in as many "O"s as possible in five minutes. The score
is the number of correctly made responses minus the number of incorrect
responses.

Flanagan Aptitude Classification Test - Coordination (Flanagan, 1959)

Construct Measured: Aiming

This paper-and-pencil test consists of a series of spiral paths. The ex-
aminee's task involves using a pencil to trace within these paths without
touching the edges of the path. Two practice and four test trials are
given. The test score is a combination of the distance the line is drawn
through the pattern and the number of times the line goes outside the path.

Flanagan Aptitude Classification Test - Precision (Flanagan, 1959)

Construct Measured: Aiming

This paper-and-pencil test has two parts. The first part consists of a
series of concentric circles or squares. The examinee's task is to use a
pencil to draw in the space between concentric circles or squares. The
test score is the number of circles or squares completed without drawing
over the outside of the concentric circles (squares) during a two minute
period. In part two, the examinee must draw circles or squares as in part
one; however, the examinee's task is to draw two circles or squares at a
time using both hands, with each hand drawing in the opposite direction
from the other. The score is the number of circles or squares completed
without drawing over the outside of the circles or squares during a two
minute period.

Formboard Test (Farr et al., 1971)

Construct Measured: Manual Dexterity

This apparatus test consists of several blocks and forms. The examinee's
task is to put the blocks or forms together to form different shapes. The
test score is the number of seconds required to put the blocks or forms
together.
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General Aptitude Test Battery - Finger Dexterity (U.S. Dept. of Labor,
1952)

Construct Measured: Finger Dexterity

Assemble test - This apparatus test consists of a small rectangular board
having 50 holes and a supply of small metal rivets and washers. The ex-
aminee's task is to pick up a metal rivet from a hole in the upper part of
the board with the preferred hand and at the same time remove a washer from
a vertical rod with the other hand. The examinee must then put the washer
on the rivet and insert the assembled piece into the corresponding hole in
the lower part of the board using the preferred hand. The score is the
number of parts assembled during the time allowed.

Disassemble test - This apparatus test consists of a lower board having 50
rivets secured into holes with washers and a top board having 50 holes.
The examinee's task is to remove the washer from the rivet of the assembly,
place the washer on a vertical rod, remove the rivet from the hole, and
then place the rivet in an empty hole in the top board. The score is the
number of rivets and washers disassembled in the time allowed.

General Aptitude Test Battery - Manual Dexterity (U.S. Dept. of Labor,

1952)

Construct Measured: Manual Dexterity

Placing test - This apparatus test consists of a rectangular board divided
into two sections; each section contains 48 holes (four rows of 12 holes).
The holes on the upper section are filled with pegs. The examinee's task
is to remove the pegs from the holes in the upper section and insert them
in the corresponding holes in the lower section, moving two pegs simul-
taneously, one in each hand. The examinee is given three 15-second trials.
The test score is the number of pegs removed from their holes during the
three trials.

Turning test - This apparatus test consists of one board that has 48 pegs
inserted into holes. The examinee's task is to remove a peg from the hole,
turn the peg over so that the opposite end is up, and reinsert the peg in
the hole from which it was taken using only the preferred hand. The ex-
aminee is given three 15-second trials. The score is the number of pegs
turned during the time allowed.

General Aptitude Test Battery - Motor Coordination (U.S. Dept. of Labor,

1952)

Construct Measured: Wrist-Finger Speed

This paper-and-pencil test consists of a series of squares in which the
examinee is to make three short pencil marks, two vertical and the third a
horizontal line beneath them. The test score is the number of squares
marked in 60 seconds.
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Hand Skills Test (Cory et al., 1980)

Construct Measured: Wrist Finger Speed

This paper-and-pencil test consists of a series of numbered boxes. In part
one of the test, the examinee must make as many tally marks as possible in
four separately timed trials. The examinee's tallying base rate is then
determined. At the start of each subsequent set of four trials, a "pass-
ing" score is announced. The test scores are the number of tallies made on
part 3 minus the number of tallies in the examinee's base rate and the
number of tallies made on part 4 minus the examinee's base rate.

Hand Tool Dexterity Test (Bennett and Fear, 1943)

Construct Measured: Manual Dexterity

This apparatus test consists of a wooden frame with two uprights attached
to a horizontal baseboard and 12 bolt, washer and nut units of differing
sizes. The examinee's task is to transfer bolt, washer and nut units from
one part of a board to another using hand tools (a crescent wrench, end-
wrenches, or a screwdriver). The method of performing the task is left to
the examinee. The test score is the time taken to remove all sets of nuts
and bolts and washers from the right upright and fasten them onto the left
upright.

Large Tapping Test (Fleishman, 1954)

Construct Measured: Wrist-Finger Speed

This paper-and-pencil test consists of six blocks, each containing four
rows of 10 large circles. The examinee's task is to place three dots in
each circle as rapidly as possible. The test score is the number of cir-
cles marked with three dots in two minutes.

Line Control (Mullins et al., 1968)

Construct Measured: Arm-Hand Steadiness

This paper-and-pencil test consists of a maze containing 80 small openings.
The examinee's task is to trace through a series of openings in a maze
pattern without touching the maze lines. The test score is the number of
small openings traced without touching the maze lines in I minute.

Manual Speed (Cory et al., 1980)

Construct Measured: Wrist-Finger Speed

This paper-and-pencil test is similar to the Hand Skills Test but was de-
signed to eliminate hand scoring. The test consists of a series of circles
on an optical mark reader answer sheet. In the first part of the test, the
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examinee blackens as many tally circles as possible in four separately
timed trials. The examinee's bas: rate is then determined. At the start
of each subsequent set of four trials, a "passing" score is announced. The
test scores are the number of circles blackened on part 3 minus the ex-
aminee's base rate and the number of circles blackened on part 4 minus the
examinee's base rate.

Mark Making Test (Mathews & Jensen, 1977)

Construct Measured: Wrist-Finger Speed

This paper-and-pencil test requires the examinee to make three pencil marks
in a series of boxes. The examinee must make two vertical lines and a 0
between them. The test includes a 10-second practice period and a 20-
second practice period. The test score is the score on a followup 60-
second period.

Minnesota Rate of Manipulation Test

Construct Measured: Manual Dexterity

Turninq test. This apparatus test consists of a large board having 60
holes and 60 cylindrical blocks. The examinee's task is to remove the
blocks from the holes with one hand, turn the blocks over with the other
hand and reinsert the blocks into the same holes as rapidly as possible.
The test score is either the total time required for the examinee to turn
all 60 blocks or the number of blocks turned within a given amount of time.

Placing test. This apparatus test consists of two boards, each containing
60 holes (four rows of 15 holes). The holes on one board are filled with
blocks. The examinee's task is to place as many of the blocks into the
proper holes on the second board as rapidly as possible. The test has two
40-second trials. The test score is either the total time required for the
examinee to place all 60 blocks or the number of blocks placed within a
given amount of time.

Motor Judgment Test (Farr et al., 1971)

Construct Measured: Rate Control

This apparatus test consists of two adjacent disks which rotate at a con-
stant speed. Each disk has black and white sections on its perimeter.
Between these disks is a pointer whose speed of rotation can be controlled
with a control stick. The examinee cannot stop the rotation of this point-
er nor exert control over the two rotating disks. The examinee's task is
to manipulate the control stick so that the pointer makes as many revolu-
tions as possible without crossing the black areas on the rotating disks.
The test score is the ratio of pointer revolutions to errors (crossings of
the black areas on the rotating disks) during four 1-minute trials.
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O'Connor Finger Dexterity Test

Construct Measured: Finger Dexterity

This apparatus test consists of a plate containing 100-3/16 inch holes and 5
a metal tray containing 310 one-inch metal pins. The examinee's task is to
place three pins in each hole as quickly as possible using only one hand.
The examinee's score is the number of holes filled with three pins at the
end of three minutes.

Peg Placing (Mathews & Jensen, 1977)

Construct Measured: Manual Dexterity

This apparatus test consists of a rectangular pegboard divided into two
sections, each containing 48 cylindrical holes. Forty eight cylindrical
pegs are placed in upper part of the pegboard. The examinee's task is to
remove two pegs from the upper part of the pegboard, one in each hand, and
place them in corresponding holes in the bottom part. The examinee is
given three 15-second trials to remove as many pegs as possible. The test
score is the number of pegs successfully transferred by the examinee during
the three trials.

Peg Turning (Mathews & Jensen, 1977)

Construct Measured: Manual Dexterity

This apparatus test consists of a rectangular pegboard divided into two
sections, each containing 48 cylindrical holes. Forty eight cylindrical
pegs are placed in upper part of the pegboard. The examinee's task is to
remove one wooden peg from a hole and using only hand, turn the peg upside
down and put it into the hole. The examinee is given three 15-second
trials to turn as many pegs as possible. The test score is the total num-
ber of pegs successfully turned and replaced during the three trials.

Pennsylvania Bi-Manual Worksample

Construct Measured: Manual Dexterity

Assembly test. This apparatus test consists of an 8 x 24-inch board con-
taining 100 holes arranged in 10 rows and a set of bolts and nuts. The
examinee's task is to hold a nut between the thumb and index finger of one
hand and a bolt between the thumb and index finger of the other hand, turn
the bolt into the nut, then place both in a hole in the board. Twenty
practice trials are allowed, and 80 trials are timed. The test score is
the time to complete the task.

Disassembly test. This test uses the same apparatus described in the as-
sembly test. The examinee's task is to disassemble the nuts and bolts.
The test score is the time to complete the task.
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Pinboard Test (Farr et al., 1971)

Construct Measured: Finger Dexterity

This apparatus test consists of a board with holes and several small pins.
The examinee's task is to pick up the pins from a tray and stick them into
holes on a board. The pins may be manipulated either by hand or using
tweezers. The score is the number of pins placed into the board in a given
amount of time.

Purdue Pegboard

Construct Measured: Finger Dexterity

This apparatus test consists of a wooden board with two rows of 25 holes
into which pegs are inserted. At the top of the board are four trays con-
taining pegs, washers, and collars. The test produces several scores which
are briefly described below.

Right hand score. The examinee's task is to pick up one peg at a time
from the tray with the right hand and insert the peg into one of the holes
in the board. The test score is the number of pegs inserted in one 30-
second trial.

Left hand score. The examinee's task is to pick up one peg at a time
from the tray with the left hand and insert the peg into one of the holes
in the board. The test score is the number of pegs inserted in one 30-
second trial.

Both hands score. The examinee's task is to pick up two pegs at a time
from the tray, one with the right hand and one with the left hand, and
insert them into holes in the board. The test score is the number of pegs
inserted in one 30-second trial.

Assembly score. The examinee's task is to assemble peg-washer-collar com-
binations as quickly as possible. The test score is the number of peg-
washer-collar combinations assembled in one 30-second trial.

Summation score. This score consists of the sum of the four above scores.

Pursuit Confusion Test (Fleishman, 1956)

Construct Measured: Control Precision

This apparatus test requires the examinee to keep a stylus on a variable
speed target as it moves through a diamond-shaped slot. The entire target
area is visible only by mirror vision. The test score is either is the
time-on-target during six I-minute trials or the amount of time the stylus
is in contact with the sides of the slot.
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Rate Control (Melton, 1947)

Construct Measured: Rate Control

This apparatus test consists of a box containing a curved scale. A ver-
tical target line moves back and forth across this scale, making frequent
changes in direction and speed. The examinee's task is to keep a pointer
in coincidence with this line by adjusting a rotary knob which controls
movement of the pointer. The test score is the total amount of time the
pointer and target line are in coincidence during eight 1-minute trials.

Rotary Pursuit Test (Melton, 1947)

Construct Measured: Control Precision

This apparatus test requires the examinee to keep a stylus in contact with
a small metallic target while the target is rapidly revolving near the edge
of a phonograph-like disk. The test score is total amount of time on tar-
get during five 20-second trials.

Rudder Control Test (Melton, 1947)

Construct Measured: Multilimb Coordination

This apparatus test consists of a mock airplane cockpit device. The ex-
aminee's task is to keep the cockpit directly lined up with one of three
target lights as they come on in front of him/her. The examinee's own
weight throws the cockpit off balance unless a proper correction is made
using foot pedals. The examinee must also use the proper pedal control to
shift the cockpit from one light to another as these come on at random
intervals. The test score is total amount of time the cockpit is lined up
with the proper light during three 112-second trials.

Santa Ana Finger Dexterity Test (Melton, 1947)

Construct Measured: Finger Dexterity

This apparatus test consists of a test board with square holes and 48 pegs
having square bottoms and round tops. The top of each peg is half blue and
half yellow. At the beginning of the test, the pegs are all turned so that
the same color of each peg top is nearest the examinee. The examinee's
task is to pick up each peg, turn it 180 degrees, and reinsert the peg into
the hole. The test has five 35-second trials. The test score is the num-
ber of pegs turned and reinserted into the board during five trials.

Single Dimension Pursuitmeter (Melton, 1947)

Construct Measured: Rate Control F

This apparatus test requires the examinee to make compensatory adjustments
(in and out movements) using a control wheel to keep a horizontal line in a
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given position as it moves off center in irregular fashion. This control
wheel has been adjusted pneumatically to introduce a lag into the system.
The test score is either the time the horizontal line is held in a null
position during the four 1-minute trials (timer score) or the total amount
of movement of the wheel during the attempt to keep the bar centered (work-
adder score). The test has four 1-minute trials, separated by 15-second
rest periods.

Small Tapping Test (Fleishman & Hempel, 1954)

Construct Measured: Aiming

This paper-and-pencil test consists of four rows of 10 small circles. The
examinee's task is to place one dot in each circle as rapidly as possible.
The test score is the number of circles having a pencil dot. Testing time
is 1 minute.

Steadiness Aiming Test (Melton, 1947)

Construct Measured: Arm Hand Steadiness

This apparatus test consists of a stylus resting in a pivoted holder. The
stylus handle extends down from the holder at a steep angle; the stylus tip
is inserted inside a narrow hole. The examinee's task is to hold the
stylus handle in such a manner that the stylus tip does not touch the sides
of the hole. The test includes six 40-second trials. The test scores are
the total number of contacts between the stylus and the sides of the hole
and the amount of time the stylus is in contact with the sides the hole.

Stromberg Dexterity Test

Construct Measured: Manual Dexterity

This apparatus test consists of a tricolored form board with flat disks.
The examinee's task is to transfer the disks as rapidly as possible in a
designated order from one board to another. This is done twice. Each disk
must be moved in a different manner from the other disks. The test score
is the time taken to transfer all the disks. Testing time is 8 to 15
minutes.

Target Shoot Test (McHenry, 1987)

Construct Measured: Rate Control

This is a computerized test that uses a joystick. For each trial, the
examinee is presented with a crosshair in the middle of the screen and a
target box at some other location on the screen. This target moves in
unpredictable directions, changing both speed and direction. The ex-
aminee's task is to use the joystick to center the crosshairs on the target
and then press a RED button on the response pedestal to "fire" at the tar-
get. This must be done within a certain amount of time. The test produces
three scores: the percentage of "hits," the mean time before the examinee
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fires at the target, and the mean distance from the center of the crosshair
to the center of the target at the time the examinee fires at the target.
The test has 30 trials.

Target Tracking Test I (McHenry, 1987)

Construct Measured: Control Precision

This is a computerized pursuit tracking test that uses a joystick. For
each trial, the examinee is presented a path of vertical and horizontal
lines. At the beginning of the path there is a target box with centered
crosshairs. This target box travels along the path at a constant rate of
speed. The examinee's task is to use a joystick to keep the crosshairs
centered on the target. Over trials, the crosshairs, path length, target
speed, and number of path segments vary. The test score is the mean dis-
tance from the center of the crosshair to the center of the target across
18 trials.

Target Tracking Test 2 (McHenry, 1987)

Construct Measured: Multilimb Coordination

This is a computerized pursuit tracking test measuring multilimb coordina-
tion. The test is similar to Target Tracking Test I except that the ex-
aminee must use two sliding resistors instead of a joystick to control the
movement of the crosshair. One resistor controls vertical crosshair move-
ment and the other resistor controls horizontal crosshair movement. The
examinee's task is to keep the crosshairs centered on the target. Over
trials, the crosshairs, path length, target speed, and number of path seg-
ments vary. The test score is the mean distance from the center of the
crosshair to the center of the target across 18 trials.

Trace Tapping I (Mullins et al., 1968)

Construct Measured: Aiming

This paper-and-pencil test consists of 100 circles connected by a line.
The examinee's task is to follow the pattern of circles placing one dot in
each circle around the pattern. The test score is the number of circles
that are dotted in 30 seconds.

Trace Tapping II (Mullins et al., 1968)

Construct Measured: Aiming S

This paper-and-pencil test is similar to Trace Tapping I except the pattern
is more complex and the circles are smaller. The test consists of several
circles connected by an irregularly shaped line. The examinee's task is to
follow the pattern of circles placing one dot in each circle around the
pattern. The test score is the number of circles that are dotted in a
given time period.

A-11

Lo g S



.... M

S

Tracing (Mullins et al., 1968)

Construct Measured: Aiming

This paper-and-pencil test consists of a maze with a series of small open-
ings. The examinee's task is to trace between a pair of narrowly separated
lines I millimeter apart which form a pattern. The test has two patterns
and a 2 minute time limit. The test score is the number of openings suc-
cessfully encountered through minus the number of openings unsuccessfully
negotiated.

Two-Hand Coordination (Melton, 1947)

Construct Measured: Multilimb Coordination

This apparatus test consists of a phonograph-like turntable which has a
mounted brass disk. The disk rotates clockwise along an irregular path at
varying speeds. The examinee's task is to keep a metal leaf in continuous
contact with this disk. The leaf's position is controlled by two rotating
handles. The handles can be manipulated simultaneously, so that the leaf
can move in any direction along the top of the "turntable." The test has a
fixed number of 1-minute trials separated by 15-second rest periods. The
test score is the total time the leaf is in contact with the disk.

Two-Hand Coordination (Sanders et al., 1971)

Construct Measured: Multilimb Coordination

This is a computerized test that requires the examinee to use two joy-
sticks to control the position of an X-shaped cursor shown on a video
screen. The examinee's task is to maintain the position of the X as close
as possible to a triangular target, which moves in a circular path at
varying speeds. The target's velocity changes continuously throughout the
test. The test has five 1-minute trials. The test produces three error
scores: (1) horizontal deviation of the first stimulus from the target
point (i.e., X Axis score); (2) vertical deviation of the first stimulus
from the target point (i.e., Y Axis score); and (3) the square root of the '0
sum of squares of the X Axis and Y Axis error scores (i.e., Generated
score).

Two-Hand Pursuit (Melton, 1947)

Construct Measured: Multilimb Coordination

This apparatus test consists of a bright metal target located inside a
black box and superimposed against a movable black background. The target
and the background move in irregular paths at differing speeds. The ex-
aminee views the target and background through a tubular eyepiece located
on the top of the box. The examinee's task is to keep the target centered
directly beneath a small button located at the intersection of a set of
crosswires. Both the button and the crosswires are mounted at the center
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of the bottom of the eyepiece. The examinee controls the movement of the
target by manipulating two handles, which can be manipulated simultaneous-
ly. The test consists of eight 1-minute trials. The test score is the
total time the target is centered directly beneath the metal button.

Two-Plate Tapping Test (Melton, 1947)

Construct Measured: Speed of Arm Movement

This apparatus test consists of two adjacent metal plates and a stylus.
The examinee's task is to strike the adjacent plates successively (i.e.,
one plate, then the other) as rapidly as possible. The number of taps is
recorded using counters. The test score is the number of taps made during
six 30-second trials.
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APPENDIX B

Validity Results for Selected Measures of

Nine Psychomotor Constructs
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APPENDIX D

Multi-Trial Means and Standard Deviations for Selected Measures of

Nine Psychomotor Constructs
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APPENDIX E

Correlations Between Measures of Nine Psychomotor Constructs and

Various Cognitive Abilities
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